A 13 year old boy had a wide QRS complex tachycardia. A discontinuity in the AV nodal functional curve was observed in the electrophysiologic study. The AV interval was prolonged in association with progressive ventricular preexcitation. At maximal preexcitation, the HV interval was -20msec and the QRS complex was identical to that seen during clinical tachycardia. No VA conduction was found and atrial premature beats did not affect the tachycardia. The His deflection was found at variable timing when tachycardia was induced. These findings confirmed that tachycardia originated within the AV node and was conducted to the ventricle over the Mahaim fiber. The short effective period of the Mahaim fiber had clinical significance since when atrial fibrillation developed, a rapid ventricular response was observed.
On the last visit to a doctor, the electrocardiogram (ECG) showed a wide QRS complex tachycardia for the first time. The tachycardia exhibited a rate of 230beats/min and a QRS complex compatible with left bundle branch block (LBBB) and left axis deviation. Procainamide and lidocaine were ineffective but verapamil reduced the rate to 190beats/min. DC shock was delivered to restore normal sinus rhythm. He was then referred to our hospital for further evaluation.
The physical examination on admission disclosed no abnormality. Blood pressure was 136/70mmHg and pulse rate was 78beats/min. ECG showed normal sinus rhythm and the PR interval was 0.16sec. The QRS complex was narrow and normal in morphology. Chest X-ray showed normal heart and normal lungs. Routine hematological and blood chemistry studies were normal. Echocardiogram was also normal. The electrophysiologic study: After obtaining informed consent, the study was performed in the nonsedated postabsorptive state as previously described.6), 7)
The heart was stimulated at the right atrium and the AV nodal functional curve and the refractory periods were obtained. Both AH and HV intervals were normal during normal sinus rhythm, 140 and 55 msec, respectively. During the determination of the refractory period at the basic cycle length of 400msec, a discontinuity in the AV nodal functional curve was observed; a sudden prolongation of the AH interval from 320 to 360msec was found when the coupling interval of the premature stimulus was reduced by 10msec. At the basic cycle length of 500msec, a sudden prolongation of the AH interval by 50msec was observed with the shortening of the coupling interval of the premature stimulus by 10msec (Fig.1) .
As the interval of the premature stimulus (A1A2) became shorter, the A2H2 interval increased from 100 to 220msec and A2V2 from 155 to 200 msec, respectively, while the QRS complex showed gradual preexcitation (Fig.2) . The His deflection was displaced into the QRS complex and finally was buried within the QRS complex at the maximal preexcitation (Fig.2D) . The preexcited QRS morphology was identical to that of the LBBB morphology tachycardia. The AV conduction was blocked at an A1A2 interval of 200msec.
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Heart J. November 1988 prolonged (Fig.2B ). Premature atrial beats did not affect tachycardia (Fig.  3A) . The HV interval was variable as shown in Fig.3B . When the His deflection preceded the V wave, fusion was observed in the QRS complex. The VA interval changed during tachycardia but the HA interval was constant. The prolongation of the VA interval resulted in the prolongation of the cycle length of the tachycardia. During the study of the atrial stimulations, transient atrial fibrillation developed where the shortest RR interval was 220msec and the QRS complex was exclusively preexcited. During rapid ventricular pacing, no VA conduction was observed. The double extrastimuli were able to induce LBBB morphology tachycardia which could be terminated by the programmed stimulations. The endocardial catheter mapping of the tachycardia detected the local electrogram which preceded the QRS complex at the anterior free wall of the right ventricle. The stimulation at that site resulted in the same QRS morphology as the clinical tachycardia in the standard 12 lead surface ECG. Single premature depolarization given to the right ventricle could not reset the tachycardia. Drug testing: Verapamil (5mg, intravenously) terminated the tachycardia with a concomitant fall in the tachycardia rate. After verapamil, tachycardia could no longer be induced. Procainamide (1,000mg intravenously) was not effective either in terminating or preventing the induction of tachycardia. He received chronic drug therapy with verapamil (240mg/day) but tachycardia recurred. Atrial fibrillation also developed spontaneously and the ventricular rate was rapid, about 200beats/min.
The QRS complex was exclusively preexcited and the shortest RR interval was 240msec in spite of therapy with verapamil. However, he had had no recurrence after an increase of the dose of verapamil to 360mg/day.
DISCUSSION
Wide QRS complex tachycardia requires differential diagnosis. Six cases of AV nodal reentrant tachycardia with a bystander Mahaim fiber have been described.1)-5) The QRS complex showed LBBB and left axis deviation. Only rarely, the insertion site of the Mahaim fiber was determined intraoperatively at the anterior wall of the right ventricle.1)
In the present case, dissociation between the atrial activity and tachycardia was observed (Fig.3A) . There was no VA conduction during the rapid ventricular pacing. No paradoxical atrial capture was observed when premature ventricular depolarizations were induced by electrical stimulation during tachycardia. These findings mean that the atrium was not involved Fig.3 .
Induction of wide QRS complex tachycardia. In A, ventriculoatrial dissociation is apparent when a premature atrial depolarization developed (5, 6, 7th from the left) which did not affect tachycardia.
In B, tachycardia was induced by the extrastimulus method. The AH interval was prolonged from 70 to 195msec, and tachyeardia was induced. In the first three beats, the His deflection preceded the local ventricular depolarization and caused fusion beats as most clearly seen in lead II.
From the 4th complex, the His deflection follows the V wave with a slightly hanging VH interval; then tachycardia became a little slower and cycle length became longer by 50msec. HA interval however remained constant. Abbreviations are the same as Fig.2 .
in the reentrant circuit and the existence of an extranodal pathway was also excluded. Furthermore, it is unlikely that the His-Purkinje system forms an active limb of the reentrant circuit because of the variable relation between the His deflection and the QRS complex (Fig.3B) . Fusion was observed in the QRS complex when the His deflection preceded the QRS complex as shown in Fig.3B . If the ventricle forms a lower common pathway, tachycardia will be easily reset by premature depolarizations of the right ventricle. However, this was not the case with our patient. The site of origin of the tachycardia seems to be the AV node. A discontinuity obtained in the AV nodal functional curve suggests the existence of dual pathways. The AH interval and the AV interval were always prolonged over 190msec when tachycardia was induced by the premature atrial stimuli. Prolongation in the AV interval with progressive preexcitation means that the conduction from the atrium to the Mahaim fiber involves a slow fiber, the AV node. The site of insertion of the Mahaim fiber was determined to be the anterior wall of the right ventricle. The site seems to be similar to that determined in the intraoperative mapping study.1) The Mahaim fiber is Jpn. Heart J. November 1988 classified as being of the nodo-ventricular type. Conduction delay in the limb distal to the origin of the Mahaim fiber within the AV node may explain the changing HV relations and a change in the cycle length of the tachycardia (Fig.3B) .
Of other clinical importance is the fact that the Mahaim fiber may have a short effective refractory period. Since the Mahaim fiber is unmasked in apparently healthy people only during supraventricular tachyarrhythmias, atrial fibrillation may lead to a similar and unexpected problem as reported in patients with Wolff-Parkinson-White syndrome.8)
